
NASA TECHNICAL TRANSLATION NASA TT F-13,757 

MODEL STUDIES ON Z'HE FOBMATION OF ORGANIC COMPOUNDS 
I N  SIMPLE ATMOSPHERIC GASES BY ELECTRICAL DISCHARGES 

+-- 

Kurt Heyns, Wolfgang Walter and Ernst Meyer 

Translation of '"Modelluntersuchungen zur 

-<hilten einfacher Gase durch elektrische 
r E n t l a d & g e $  tt- D i e  Natwwissenschaften, 1 

ldung organischer Verbindungen i n  Atmo- 
' 

- -  ---_--_____I__ 

\ Vole 449 NO, 14, 1957, p~ 385-389 
I 

/ 

- ----- - .___I_ _--_____' L 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
\ _- _I I WASHINGTON, D. C. 20546 ; JULY b971 I 

--- - 
h -  . -- 



-3 MODEL STUDIES ON THE FORMATION OF ORGANIC COMPOUNDS 
. -  IN SIMPLE ATMOSPHERIC GASES BY ELECTRICAL DISCHARGES' ". 

Kurt Heyns, Wolfgang Walter and Ernst Meyer 
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ABSTRACT. Reference is made to the formation of amino 
acids from simple gas mixtures under the influence of elec- 
trical discharges as a model reaction for questions on the 
composition of the atmosphere in early stages of the Earth's 
history, in connection with the 'original synthesis' of 
basic biochemical components. In an atmosphere containing 
hydrogen sulfide, ammonium thiocyanate formsz along with 
two still unidentified sulfur-containing compounds. Amino 
acid synthesis is not markedly affected by thqpre3ence of 
hydrogen sulfide. -. reaction temperatures, compounds with guanido groups form, 

. 

Under certain conditions, at higher 

1- such as glycocyamine. The volatile reaction products 
I resulting from the thermal decomposition of amino acids 
4 serve for resynthesis of the simplest representatives of 

! addition of energy. 

I Introduction 

the amino acids if oxygen is excluded, and with appropriate 
1 

5 

I 
i 
, 

J 
.*r 

b In studies on the thermal rsnversion products of amino acids [l] water, /385* 
ammonia, hydrocyanic acid and carbon dioxide were detected as volatile de- 
composition products, This suggested the question of the conditions under 
which synthesis of amino acids from these simple "decomposition products" is 
pessible, 
ideas about the basic chemical processes in early stages of the Earth's 
h i s  tory. 

This problem Is also 0f considerable Interest in connection with 

* 
Numbers in the margin indicate pagination in the'oxiginal foreign text. 
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Ber the lo t  [2] has a l ready  undertaken experiments attempting t o  form l a r g e  

organic nitrogen-containing molecules from simple a lcohols  and e t h e r s  i n  the  

presence of n i t rogen  by q u i e t  discharges i n  t h e  gas phase. W. Liib was  t h e  

f i r s t  t o  rea l ize  t h a t  a reducing atmosphere i s  necessary f o r  t he  formation 

of g lyc ine  by the  a c t i o n  of dark e l e c t r i c a l  discharges on simple gas mixtures 

( e spec ia l ly  water, ammonia, and carbon monoxide). Independently of t hese  

authors,  who received no a t t e n t i o n  for  a long t i m e ,  suggestions have a l s o  

been made by o the r  au thors ,  including Oparin [ 4 ] ,  Urey [5], Quiring [61, and 

Kuhn [7], on t h e  e a r l y  development of t h e  Earth 's  atmosphere and i t s  r e l a t i o n  

wi th  the  "o r ig ina l  synthesis" of organic chemical materials as b a s i c  bio- 

chemical components. 

A considerable p a r t  of these  suggestions are of a hypothe t ica l  charac te r ,  

and are no t  suscep t ib l e  t o  d i r e c t  experimental confirmation. 

experimental methods by means of which one can ob ta in  information on t hese  

questions have r ecen t ly  been enlarged by a promising method. 

The d i r e c t  

Miller [8] has produced an  apparatus t o  s imula te  the  ideas  advocated 

by Urey [5] on t h e  d5velopment of t h e  Ear th ' s  atmosphere. 

model experiments can be undertaken t o  test hypotheses on conditions i n  the  

e a r l y  atmosphere of t h e  Earth. 

new ob jec t ives ,  along t h e  pa th  described by Ber the lo t  [Z] . No progress had 

been made i n  that d i r e c t i o n  a f t e r  t he  u n j u s t l y  fo rgo t t en  experiments of Liib 

131 and some very quickly terminated t echn ica l  achievements by Gluud [9] on 
t h e  production of g lyc ine  from b l a s t  furnace gases. 

With t h i s  apparatus,  

I n  t h i s  way progress has been made again,  w i th  

Our Own Model Experiments 

The model experim / n t s  are based on the  following de l ibe ra t ions :  Formation 

of low-molecular-weight organic materials, which cha rac t e r i ze  the  e a r l y  s t a g e  

of chemical evolution i n  t h e  sense of Calvin [lo], very  probably occurred i n  

the  atmosphere, o r  i n  any case with i ts  dec i s ive  p a r t i c i p a t i o n .  Therefore, 

only such an atmospheric composition as permits t h e  formation of simple 
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Figure 1. Ci rcu la t ion  system used f o r  t h e  model experiments. 

1 - f l a s k  f o r  t h e  aqueous phase (model ocean); 2 - gas 
conta iner  (model atmosphere); 3 - 'sparking sec t ion ;  4 - 
supply conta iner ;  5 - mercury manometer; 6 - ho t  p l a t e ;  
7 - re lay ;  8 - cooler.  

organic molecules such as amino a c i d s  wi th  appropr ia te  add i t ion  of energy i n  

a model experiment can be considered as probable f o r  t h e  e a r l y  periods of our 

p lane t .  

energy source, and w e  have proceeded from t h e  concept t h a t  t h e  organic com- 

pounds formed i n  t h e  l a y e r s  of the  atmosphere near t h e  Earth reached t h e  

ocean i n  t h e  r a i n .  

ocean is  contained i n  f l a s k  1. 
The model atmosphere, of v a r i a b l e  composition, is  contained i n  gas-holder 2 .  

The energy source is i n  the  spark s e c t i o n  3. Material t r anspor t  i s  e f f ec t ed  

by the  bo i l ing  aqueous phase and by condensation of t h e  vapor i n  the  cooler 

connected a f t e r  t he  spark sec t ion .  

Like Miller, we have se l ec t ed  electrical  discharge as t h e  form of the 

Figure 1 shows t h e  apparatus which we used. The model 

The ocean is  represenied by 100 cm3 of w a t e r .  

A s  a c r i t e r i o n  f o r  t h e  formation of low-molecular-weight organic com- 

pounds, w e  used the  determination of amino ac ids .  The formation of amino ac ids  
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TABLE 1. GAS MIXTURES TESTED AS MODEL ATMOSPHERES 

Experi- 
ment 

(1) . Composition of t he  atmosphere 
(per.cent by volume) 

CH4 co2 NH3 N2 HZ O 2  

- 20 40 
40 1 6  

6.7 53.3 26.7 13.3 - 
50 

- - 40 
40 4 - - 

- - - _I 50 
50 50 

- 
_. - - - 

Experi- 
ment 

1 
2 
3 
4 
5 

!I 
1 

(1) . Composition of t he  atmosphere 
(per.cent by volume) 

CH4 co2 NH3 N2 HZ O 2  

- 20 40 

6.7 53.3 26.7 13.3 - 
- - 40 

40 40 1 6  

50 

4 - - 
- - - _I 50 

50 50 
- 

_. - - - 

Ninhydrin- 
po s it ive 
substances 

+ 
+ 
+ 
+ 

r i n  t h e  apparatus 
le added. 

must be considered as one of the  most important processes of e a r l y  chemical 

evolution. Some of t h e  model atmospheres which we t e s t e d  are summarized i n  
Table 1. 

The composition of t h e  atmosphere i n  Experiment 1 corresponds t o  t h a t  

employed by Miller [ 8 ] .  I n  the  .course of our experiments w e  were a b l e ,  among 

o the r  th ings ,  t o  confirm t h e  r e s u l t  of t h a t  author wi th  r e spec t  to t he  amino 

ac ids  produced. 

paper chromatography: glycine,  a-alanine, B-alanine, sa rcos ine ,  a-aminobutyric 

ac id .  /386 

The following amino a c i d s  were i d e n t i f i e d  by two-dimensional 

Experiment 2 w a s  intended t o  answer t h e  ques t ion  of whether amino ac ids  

I n  t h i s  case t h e  oxygen concentration are formed i n  the  presence of oxygen. 

was  l imi t ed  by the explosive l i m i t s  f o r  oxygen-methane mixtures. Mass 

spectrometric gas ana lys i s  of t he  model atmosphere a f t e r  t h e  end of t he  

experiment showed t h a t  t he  oxygen w a s  p r a c t i c a l l y  used up. 

oxygen r a t i o ,  a drop i n  oxygen concentration from 4% t o  0.0067% could be 

ca lcu la ted .  The CO content of t h e  model atmosphere increased from 0.006 t o  

From t h e  argon: 

2 
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/ 
1.7%. Therefore, the major amount of t h e  oxygen was  converted according t o  

the equation 

&CHI + Os = Q C 0 2  + Hi0 (1) 

This observation i s  noteworthy i n s o f a r  as one would expect t h e  r e a c t i o n  

* $ NH, + 0, = 4 N, + 2 H,O (2) 

on t h e  b a s i s  of cons idera t ions  by Urey [5] ,  because t h e r e  is  a considerably 

g r e a t e r  decrease i n  free energy with r e a c t i o n  2 than wi th  r e a c t i o n  1. 

(2: AI$.& = -110,73 kcal 1: AI?& = - 9 7 ~ 5  kcal). 

Experiments 3 and 4 w e r e  intended t o  make an experimental cont r ibu t ion  toward 

a hypothesis proposed by Quiring [6] on the  composition of t he  primordial  

atmosphere of t he  Earth. Quiring [6] advocates t h e  view t h a t  t h e  primordial  

atmosphere consisted pr imar i ly  of n i t rogen  and carbon dioxide (along with the  

water vapor always present  f o r  t he  o r i g i n a l  syntheses).  According t o  h i s  

concept, ammonia and methane appeared only i n  traces. Experiment 3 shows 

t h a t  amino ac ids  are formed from an  atmosphere which contains ammonia and 

methane i n  s i g n i f i c a n t  amounts along wi th  carbon d ioxide  and nitrogen. 

Experiment 4 ,  i n  con t r a s t ,  shows t h a t  no amino a c i d s  are formed i n  the 

model system we have s e l e c t e d , i f  only CO 

along with water vapor. 

and n i t rogen  are i n  t h e  atmosphere 2 

Experiment 5 shows t h a t  amino a c i d s  are formed i f  t h e  n i t rogen  i n  t h e  

atmosphere of t h e  previous model exper iment . i s  replaced by ammonia. 

r e s u l t  a l s o  confirms t h e  formation of glycine from carbon d ioxide  and ammonia, 

which w a s  conjectured by Lb'b [2 ] ,  bu t  which could not  be e s t ab l i shed  unambigu- 

ously wi th  t h e  methods then ava i lab le .  

This 
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TABLE 2. I$, VALUES OF THE SUBSTANCES PRODUCED I N  TJ3E MODEL 

EXPERIMENTS WITH HYDROGEN SULFIDE-CONTAINING ATMOSPHERES 

WHICH BLEACH THE IODINE AZIDE REAGENT 

l$ value  I Substance 

1 
2 
3 

Thiourea 
Thioacetamide 

0.04 
0.22 
0.35 
0.45 
0.75 

Paper: Sch le i che r .&  Schiill 602 h:p; so lvent :  butano1:acetic 
acid:water (70:7:23). 

As Urey considers considerable enrichment with ammonium s u l f i d e  poss ib l e  

i n  very e a r l y  periods of t h e  Earth 's  h i s t o r y  ([SI, p. 133), we have t e s t ed  

t h e  e f f e c t  of t h e  presence of hydrogeh s u l f i d e  on t h e  model r e a c t i o n  of 

hydrogen, ammonia, and methane ( i n  t h e  composition of Experiment 1, Table 1). 

For these  experiments, vessel 1 of t h e  c i r c u l a t i o n  system w a s  charged wi th  

w a t e r  s a tu ra t ed  with hydrogen su l f ide .  

I n  the  beginning, t h r e e  substances which bleached t h e  iod ine  az ide  * 

The % values  f o r  these  compounds, reagent of Raschig [ll] were detected.  

as w e l l  as those of some comparison materials,are l i s t e d  i n  Table 2. 

3, which gave a red-brown spo t  on t h e  paper chromatogram a f t e r  spraying wi th  

f e r r i c  ch lo r ide  so lu t ion ,  caul* be i s o l a t e d  a f t e r  removal of the amino a c i d s  

with an ion  exchanger (Dowex 50). 

aqueous so lu t ion  wi th  si lver n i t r a t e ,  and could be pu r i f i ed  by so lu t ion  of 

t h e  p r e c i p i t a t e  and r e p r e c i p i t a t i o n .  

thiocyanate by means of i t s  in f r a red  spectrum. 

substance 3 give i d e n t i c a l  l$ values on t h e  paper chromatogram. 

of thiocyanate is  a l s o  observed i f  hydrogen s u l f i d e  i s  l e f t  ou t  of t h e  model 

Compound 

The substance could be p rec ip i t a t ed  from 

The s i l v e r  s a l t  w a s  i d e n t i f i e d  as silver 

Ammonium thiocyanate and 

Formation 
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TABLE 3. COMPARISON OF THE FORMATION OF VARIOUS AMINO ACIDS 

FROM AN ATMOSPHERE OF METHANE, AMMONIA AND HYDROGEN 

(EXPERIMENT 1, TABLE 1) WITH OR WITHOUT HYDROGEN SULFIDE, 

REFERRED TO GLYCINE AS 1. 

a d d i t i o n  

Amino a c i d s  I Without H,S add i t ion  

1 2 3 

1. 
2. 
3. 
4. 
5. 

1.00. 
0.65 
0.04 
0.33 

0.054 
0.002 

i '0.007 
I 

6. 

1.00 
0.11 
1.07 
0.05 

0.01 
0.16 
0.18 

L 

7. 

Glycine ......... 
Alanine ......... 
Sarcosine ....... 
B-alanine ....... 
a-aminobu t y r i c  
ac id  ............ 
Bl*) ............ 
B2*) ............ 

1.00 
0.54 
0.08 
0.24 

0.08 
0.02 

0.05 

1.00 
0.23 
1.26 
0.15 

0.34 

*) Amino a c i d s  Bl'and B2 could no t  be i d e n t i f i e d  by Miller because 

t h e i r  quan t i ty  w a s  too small; thus,  t h e  va lues  l i s t e d  i n  the t a b l e  are 
estimates. 

The va lues  which we found f o r  t h e  sum: a-aminobutyric ac id  + B1 + B2 

w e r e  ca lcu la ted  as about 325 t o  350 m l  e l u a t e  from the two bands which were 
not  separated (cf.  Figure 2). Lines 5, 6, and 7 must n o t  be considered 
because of t h e  u n c e r t a i n t i e s  described. 

atmosphere, and ins tead ,  s u l f e r  i s  added t o  the model ocean. No ammonium 

thiocyanate forms without t h e  electrical  discharge.  

the  i d e n t i f i c a t i o n  of compounds 1 and 2. 

We are s t i l l  working on 

Quant i ta t ive  determination of t h e  amino ac ids  formed i n  the  presence of /387 

hydrogen s u l f i d e ,  by t h e  method of S t e i n  and Moore [12] (cf.  Figure 2) allowed 

comparison of our experimental r e s u l t s  wi th  those  of t h e  pure methane-ammonia- 

hydrogen atmosphere according t o  Miller (columns 1 t o  3 of Table 3) [SI. 

7 
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Figure 2. Chromatogram, by t h e  pro- 
cedure of S t e i n  and Moore 1121, of 
t h e  amino ac ids  produced from'ammo- 
n i a ,  methane, and hydrogen i n  t h e  
presence of hydrogen su l f ide .  Peaks 
1 t o  6 were not s tud ied  because the 
amounts of material were too s m a l l .  
Sarc.: sarcosine; gly.: glycine; 
ala.: a lan ine ;  a-amb.: a-amino- 
bu ty r i c  ac id .  

Under certain conditions,  the 

d e t a i l s  of which w i l l  be considered 

la ter ,  substances containing t h e  

guanido group are obtained along wi th  

amino a c i d s  i f  t h e  temperature of t h e  

hea t ing  ba th  is  ra i sed  t o  200" f o r  

t h e  same dura t ion  of e x p e r i G n t .  

Of these  compounds, one substance 

w a s  i d e n t i f i e d  as glycocyamine by 

paper chromatography. 

Discussion of t h e  Resul t s  

With t h e  experimental f i nd ings  

described above, t h e  observation of 

such a clear and f rankly  expressed 

tendency f o r  production of amino 

ac ids  from gaseous atmospheres 

appears t o  us  t o  b e  so  remarkable 

t h a t  no one can suggest t h a t  such 

r eac t ions  d i d  not  occur as soon as, 

and as long as, t h e  hypothesized 

composition of t h e  Earth 's  atmosphere 

w a s  present.  But i n  such a case we 

must expect a considerable y i e l d  of 

organic substances. In agreement 

with Miller-, w e  obtained some 100 mg 

of amino ac ids  from a gas volume of 3 l i ters (gas conta iner  2 of Figure 1) a t  

a pressure  of 260 mm i n  the course of 7 days. The f a c t  must be considered 

t h a t  such an e f f e c t i v e  syn thes i s  p a r t i c i p a t e d  in t h e  f u r t h e r  changes t o  which 

the  pr imi t ive  atmosphere of our p l ane t  w a s  subjected.  

r ep roduc ib i l i t y  of t h i s  r e a c t i o n  even wi th  respec t  t o  the  q u a n t i t a t i v e  re- 

l a t i o n s ,  i n  which we see the  e f f e c t  of a general  s y n t h e t i c  p r inc ip l e ,  we 

be l i eve  t h a t  we can j u s t i f y  some c a r e f d l  conclusions. 

8 
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r e s u l t s  reported,  

a t  t h e  period when t h e  low-molecular-weight organic molecules were being 

formed, and t h e  p ro te in  monomers i n  p a r t i c u l a r ,  apparently showed reducing 

p rope r t i e s .  The r e s u l t  of Experiment 4 ,  Table 1, shows t h a t  i n  a nonreducing 

atmosphere t h e  formation of amino ac ids ,  otherwise unavoidable, d id  not  take  

place.  On t h e  b a s i s  of our model, then, we consider i t  improbable t h a t  t h e  

Earth had such a nonreducing atmosphere during t h e  period of amino ac id  

formation, i f  t h e  atmosphere is  conceded an  important r o l e  i n  t h e  formation 

of t hese  substances. 

t h e  conclusion i s  reached t h a t  t h e  atmosphere o f  t h e  Earth 

For t h e  r e a c t i o n  of methane and ammonia wi th  oxygen i n  the  electric 

discharge (Table 1, Experiment 2), t h e  compound f o r  which the  g r e a t e s t  amount 

of energy is released i n  i t s  formation,does not occur. 

shows t h a t  t h e  opinion advocated by Urey ([5], p. lSl), t h a t  r eac t ions  

proceeded under equilibrium conditions i n  the  p r imi t ive  atmosphere, is  no t  

supported by t h e  model experiment. Obviously, thermodynamic equilibrium is 

not a t t a ined  i n  the  model experiment, so  t h a t  no p red ic t ions  can b e  made from 

t h e  change of f r e e  energy as t o  which r e a c t i o n  i s  a c t u a l l y  proceeding. 

t h i s  reg ion  a l s o ,  t he  evidence which can be obtained from model r eac t ions  

appears s u i t a b l e  f o r  deeper pene t ra t ion  i n t o  t h e  conditions of t h e  e a r l y  

atmosphere of t he  Earth. 

This observation 

I n  

Comparison of amounts of amino a c i d s  obtained wi th  add i t ion  of hydrogen 

s u l f i d e  and t h e  amounts obtained i n  i t s  absence shows t h a t  these  values are 

equal w i th in  t h e  range of e r r o r  due t o  t h e  apparatus,  as expressed i n  

Experiments 1, 2,  and 3 .  Therefore, t h e  presence of hydrogen s u l f i d e  i n  t h e  

p r imi t ive  Ea r th  atmosphere d id  not  markedly a f f e c t  t h i  formation of amino 

ac ids .  

s t r a t e d .  

Formation of s u l f u r  s n t a i n i n g  amino a c i d s  has not  y e t  been demon- 
/ 2 

The mechanism f o r  t h e  formation of  t he  amino a c i d s  i s  not y e t  clear i n  1 3 8 8  

i ts  d e t a i l s .  Miller [ 8 ]  discusses  a series of hypotheses f o r  t he  mechanism of 

formation. According t o  one of t hese  concepts, aldehydes and hydrogen cyanide, 
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formed i n  the sparking sec t ion ,  r ep resen t  intermediate s t ages  of t h e  syn thes i s ,  

so t h a t  formation of amino a c i d s  by a cyanohydrin syn thes i s  would be  conceivable: 

R CKO + NH, + HCX -.- Ia r - -cx  -k H,O 

h r 2  
R * CII-CN + 2 HZO -+ R-CH-COOH + NH, 

NH, I w r ,  I 

Formation of thiocyanate i n  t h e  presence of H2S o r  s u l f u r  can be  explained 

on the  b a s i s  of t h i s  concept, as thiocyanate is  e a s i l y  obtained from cyanides 

by combination with s u l f u r .  

The p o s s i b i l i t y  of occurrence of substances containing t h e  guanido group 

thus appears p a r t i c u l a r l y  noteworthy t o  u s ,  because t h i s  d i r e c t l y  g ives  a 

connection wi th  the  components of nuc le ic  ac ids .  

L e t  u s  r e t u r n  t o  t h e  s t a r t i n g  po in t  of t h i s  d i scuss ion ,  t he  cons idera t ion  

The formation of thiocyanates supports i t s  in te rmedia te  of'hydrogen cyanide. 

occurrence i n  t h e  formation of.amino a c i d s  from simple gases. 

t h e  gaseous thermal decomposition products of amino ac ids ,  w i th  oxygen 

excluded, which were observed previously,  can lead  t o  resynthes is  of t he  

s imples t  amino ac ids  with appropr ia te  supply of energy. 
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Experimental P a r t  

Flask 1 of t h e  apparatus shown i n  Figure 1 w a s  f i l l e d  wi th  100 m l  water, 

and t h e  apparatus was  evacuated u n t i l  t he  water boiled.  

oxygen, hydrogen w a s  l e t  i n  and the  apparatus w a s  aga in  evacuated. 

two r e p e t i t i o n s  of t h i s  process,  t h e  supply vessel w a s  f i l l e d ,  f o r  example, 

I n  order t o  remove 

A f t e r  
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wi th  one of the mixtures given i n  Table 1. 

b o t t l e s  without previous p u r i f i c a t i o n .  

a temperature of 120" and t h e  c i r c u l a t i o n  system w a s  f i l l e d  with the gas 

mixture i n  the  supply vessel to  a t o t a l  p ressure  of 260 Torr ,  and t h e  sparking 

s e c t i o n  w a s  turned on. The experiment-lasted one week. 

The gas w a s  taken from steel 

The hea t ing  ba th  was  now brought t o  

Gas ana lys i s  of t h e  gas mixture obtained from Experiment 2 of Table 1 

was  done i n  a mass spectrometer, Type I S ,  of t h e  Atlas Works i n  Bremen [13]. 
The va lue  of 0.006% C02 f o r  t h e  gas mixture 1 of Table 1 w a s  ca lcu la ted  from 

t h e  proportion of a i r  contained i n  t h i s  mixture. 

s t u d i e s  were performed i n  t h e  manner described previously [14]. 

The paper-chromatographic 

Q u a n t i t a t i v e  Analysis of t h e  Amino Acids 

The amino ac ids  which formed i n  the  presence of hydrogen s u l f i d e  w e r e  

determined by use  of t he  S t e i n  and Moore method [E!]. An extens ive  desc r ip t ion  

of t h e  methodology w e  used appears b r i e f l y  elsewhere [15]. 

Dowex 50x4 w a s  used as the  i o n  exchanger. For separa t ion  of t h e  f rac-  

t i ons ,  we used the  Serva F rac t ion  Col lec tor  of Zent ra lwerks ta t t  Gattingen, Inc., 

connected as a drop counter. 

s t a n t  drop size''). 

w a s  weighed. 

W e  used wet t ing  agent VP 3241 t o  ob ta in  a con- 

A s  a check on the  drop counting, every t en th  test tube 

Reagents. Ninhydrin: For spectrophotometric measurements it is advisable  

t o  r e c r y s t a l l i z e  the  commercial ninhydrin from 1 N hydrochloric ac id ,  according 

t o  Hamilton [16], i n  order t o  g e t  low blank readings.' The ord inary  commercial 

ninhydrin o f t e n  gives blank absorbances of 0.2 t o  0.3 under the  conditions of 

t he  ana lys i s .  

of 0.09 t o  0.14. 

By r e c r y s t a l l i z a t i o n ,  one ob ta ins  prepara t ions  giving blanks 

("We thank Anor gana, Inc  . , Munich, f o r  generously providing t h e  
wetting agent. 
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. Hydrindantin was obtained i n  s u f f i c i e n t  p u r i t y  by reduct ion  of ninhydrin 

wi th  ascorb ic  ac id  1121. Methyl ce l lo so lve  (ethylene g lycol  monomethyl e ther )  

was d i s t i l l e d  and used if t h e  d i s t i l l a t e  gave no co lo r  with f r e s h l y  prepared 

4% H I  so lu t ion .  The reagent s o l u t i o n  f o r  photometric determination of t he  

amino ac ids  was  prepared i n  the following manner d i r e c t l y  before use: 1 g 

ninhydrin and 0.15 g hydrindantin were d isso lved  i n  37.5 ml methyl ce l lo so lve  

with 12.5 ml 4 M ci t ra te  buf fe r ,  pH 5 .5  (according t o  S t e i n  and Moore 1121). 

In t he  preparatory work f o r  amino a c i d  determination, a n  unexpected 

source of e r r o r  must f i r s t  be 'e l imina ted .  

preliminary experiments i n  use of t he  amino ac id  t e s t i n g  procedure of S t e i n  

and Moore, and thus we would l i k e  t o  r e p o r t  i t .  

Knowledge of i t  saves time-consuming 

A t  f i rs t  we could no t  ob ta in  any reproducible amino ac id  va lues  i n  

s e t t i n g  up t h e  c a l i b r a t i o n  curve f o r  leuc ine .  On systematic s t u d i e s  t o  

uncover t h e  source of e r r o r ,  i t  appeared t h a t  i t  w a s  in t he  composition of 

t h e  test  tubes used f o r  t he  s t u d i e s  (Fiolax, Schott  & Gen.). With otherwise 

i d e n t i c a l  conditions,  q u i t e  reproducible r e s u l t s  could be  obtained i n  qua r t z  

tubes. For t h e  f u r t h e r  s t u d i e s ,  w e  used Elka test tubes from the  K a r l  Hecht 

glassware f ac to ry ,  Sontheim an de r  Rhijn. 

wi th  t h e  F io lax  tubes. 

They d id  n o t  show t h e  e f f e c t  observed 

Performance of t he  analyses. The r e a c t i o n  s o l u t i o n  produced i n  t h e  model 

experiment w a s  t r ea t ed  wi th  barium hydroxide s o l u t i o n  u n t i l  the  r eac t ion  was  

s t rong ly  a lka l ine .  This so lu t ion  w a s  f lushed wi th  ammonia-free a i r  u n t i l  no 

more ammonia could be de tec ted  i n  a wash b o t t l e  of Nessler's reagent connected 

a f t e r  t he  so lu t ion .  

f u r i c  ac id ,  and t h e  barium s u l f a t e  w a s  f i l t e r e d  o f f .  

determination i n  our p a r a l l e l  experiment showed a n i t rogen  content of 14.8 mg 

f o r  t h e  t o t a l  product. 

The ammonia-free so lu t ion  was  brought t o  pH2 wi th  2 N  su l -  

Kjekdahl n i t rogen  

I n  t h e  f i r s t  ana lys i s ,  only every o the r  test tube w a s  bo i led  wi th  the  /389 
reagent so lu t ion .  

purpose of paper-chromatographic ana lys i s .  In t h i s  way, sa rcos ine ,  glycine,  

1 2  

The content of the  o the r  tubes w a s  c l o s e l y  defined f o r  t h e  



a lan ine ,  a-aminobutyric ac id  and B-alanine were detected.  

a-aminobutyric ac id  was very wide, and showed two poin ts .  

o ther  amino ac ids ,  which we have no t  y e t  been a b l e  t o  iden t i fy .  

determination of t h e  amino ac ids  p re sen t  i n  very s m a l l  concentration, each 

test tube w a s  boiled wi th  t h e  reagent s o l u t i o n  i n  t h e  second ana lys i s .  I n  

t h e  f r a c t i o n a t i o n  range between 500 and 850 m l  of e l u a t e ,  no more amino a c i d s  

w e r e  detected.  

115 m l  could not be i d e n t i f i e d  because t h e  q u a n t i t i e s  w e r e  too s m a l l .  

The peak from 

It contained s t i l l  

For 

The amino a c i d s  i n  the  s ix  maxima appearing between 40 and 

The 

Amino ac ids  Sarc. Gly. A l a .  a-Amb. 

d o l  .... 1.37 1.09 0.25 0.37 
Relative t o  

glycine = 1 .. 1.26 1.00 0.23 0.34 
I 

f i r s t  of t hese  maxima corresponds t o  t h e  volume of t he  column which is  taken 

up by t h e  bu f fe r  (40 t o  44 ml). The compounds appearing i n  t h i s  maximum are 

presumed t o  be polymeric compounds which are not  r e t a ined  by the  column. 

a-Ala. 

0.159 

0.15 

TABLE 4 .  QUANTITATIVE DETERMINATION OF THE AMINO ACIDS 

IDENTIFIABLE BY PAPER CHROMATOGRAPHY, ARISING FROM 

A SULFUR-CONTAINING MODEL ATMOSPHERE 

The q u a n t i t a t i v e  r e s u l t s  for the  i d e n t i f i a b l e  amino a c i d s  are shown 

i n  Table 4. 
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